Mitochondrial DNA disease mutations
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Introduction
Mitochondria are traditionally known for their essential roles in
cellular metabolism and energy production. In humans,
approximately 80 protein subunits make up the oxidative
phosphorylation (OXPHOS) pathway in the mitochondrial inner
membrane, 13 of which are encoded by the mitochondrial DNA
(mtDNA) and the remaining encoded by the nuclear genome. The
mtDNA is circular molecule present in multiple copies per
mitochondrion, and the two strands of human mtDNA are
categorized as the heavy strand and light strand. The light strand
has one promoter region (LSP), while the heavy strand has two
(HSP1 and HSP2). These promoter regions are essential for the
transcription of the 13 proteins encoded by mtDNA that are
essential for the OXPHOS pathway. Mutations in mtDNA have
been known to cause diseases and disorders, some of which can
arise from mutations in the non-coding promoter regions. We
generated known point mutations in the promoter regions of
mtDNA with the aim to observe the effects on mitochondrial
transcription in vitro. The point mutations we selected are at the
195 and 309 base pair locations upstream of the LSP. The T196C
mutation is associated with bipolar disorder, and the C309CC
mutation is weakly associated with Alzheimer's disease. Our work
utilizes an in vitro recombinant human mitochondrial transcription
assay to assess changes in mitochondrial transcription with these
mutations compared to wild type. Understanding mitochondrial
transcriptional changes in the presence of these mutations
potentially gives insight into underlying contributions to these
neurological disorders.
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• DNA templates for in vitro transcription are made and
cloned into pGEM-TEZ vector for generating more
template as needed.
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Figure 1. Circular human mitochondrial DNA
(mtDNA). Promoters from each strand are
indicated (LSP, HSP1 and HSP2). The regulatory
region is expanded in the inset above showing the
specific spacing between the three mtDNA
promoters. Image adopted from Bestwick and

Shadel, 2013.

Results
Figure 1

Wild
type
template

in this experiment were obtained from Promega. A JM109 starter
culture was inoculated in LB broth and incubated at 30℃ until
OD600=0.6. The cell culture was cooled on ice and centrifuged
(2500g/5min @ 4℃). Pellet was resuspended in 80 ml TB (10mM
Pipes, 15mM CaCl2, 250 mM KCl, pH to 9.7 w/ 1M KOH, 55mM
MnCl2). The cell culture was again cooled on ice and centrifuged
(2500g/5min @ 4℃). Pellet was resuspended in 20ml of 7%
DMSO in LB.
Restriction enzyme double digest. Reactions were set up
with pGEMT・EZ plasmid DNA (1µg), 10X CutSmart Buffer (5 µl),
SacI-HF and Sph-I-HF restriction enzymes, and nuclease free
water (to 50 µl). The reaction was incubated at 37°C for 15
minutes. In order to separate the fragments of DNA, the samples
were run on a 1% Agarose gel after incubation. The Zymoclean
Gel DNA Recovery Kit (Zymo Research) was used to recover the
final band of DNA from each sample.
Ligation of DNA. Reactions were set up with pGEMT・EZ
plasmid DNA (vector DNA) (100 ng), insert DNA (17ng), Ligase
2X Buffer (6 µl), T4 DNA Ligase (1 µl), and nuclease free water
(to 10 µl). The reaction was incubated at 4°C overnight.
Mitochondrial in vitro transcription. The Master Mix for each
reaction consisted of 1µl Template DNA (85 fmol/µl), 0.1 µl
RNAse Out, 2.5 µl 10x Transcription Mix (100 mM Tris pH 8.0, 100
mM MgCl2, 1 mM DTT, 1 mg/ml BSA, 4 mM rATP, 1.5 mM rCTP,
1.5 mM rGTP, 100 µM UTP), 1 µl POLRMT (400 fmol/µl), 1 µl
TFB2d30 (400 fmol/µl), 1 µl TFAM (750 fmol/µl), 1.5 µl 10 mM
rUTP, and 16.9 µl dH2O. Reactions were placed on ice until fully
mixed then incubated at 32°C for 30 minutes. Following
incubation, 100 μl of Stop Buffer and 22.5 μg of Proteinase K
were added to each reaction. Reactions were incubated again at
42°C for 1 hour and run on denaturing acrylamide-urea gel.

• Linear DNA templates ready to use in the in vitro
transcription reaction.
• Future directions include optimizing the protocol
for the in vitro transcription reaction using mtRNA polymerase (blue), transcription factors
(green and red), and linear DNA templates as
described:
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Figure 3. Agarose gel image for in vitro
transcription DNA template restriction
digests. Lanes correspond to WT, T196C,
and C309CC templates digested with SacI
and SphI. (L, DNA ladder – 1kb Tri Dye
Ladder, Promega)

Figure 4. Preliminary in vitro
transcription RNA denaturing PAGE.
WT, T196C, and C309CC DNA templates
used as described in the methods. Ladder,
RNA transcript markers (Sigma)
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